The literature shows that phenolic compounds possess important antioxidant and anti-inflammatory activities; however, the mechanism underlying these effects is not elucidated yet. The genus Calea is used in folk medicine to treat rheumatism, respiratory diseases, and digestive problems. In this context, some phenolic compounds were isolated with high purity from Calea uniflora Less. and identified as noreugenin (NRG) and α-hydroxy-butein (AH-BU). The aim of this study was to analyze the effect of these compounds on cell viability, the activity of myeloperoxidase (MPO), and apoptosis of mouse neutrophils using ex vivo tests. Furthermore, the effect of these compounds on the cytokines, interleukin 1 beta (IL-1β), interleukin 17A (IL-17A), and interleukin 10 (IL-10), and oxidative stress was investigated by analyzing lipid peroxidation (the concentration of thiobarbituric acid reactive substances (TBARS)) and activities of antioxidant enzymes, superoxide dismutase (SOD), catalase (CAT), and glutathione S-transferase (GST), using a murine model of neutrophilic inflammation. The NRG and AH-BU reduce MPO activity and increase neutrophil apoptosis (p < 0:05). These compounds reduced the generation of oxygen reactive species and IL-1β and IL-17A levels but increased IL-10 levels (p < 0:05). This study demonstrated that NRG and AH-BU show a significant anti-inflammatory effect by inhibiting the MPO activity and increasing neutrophil apoptosis in primary cultures of mouse neutrophils. These effects were at least partially associated with blocking reactive species generation, inhibiting IL-1β and IL-17A, and increasing IL-10 levels.
Introduction
Inflammation is a physiological response triggered by tissue injury or antigenic stimuli. When these stimuli are chronic, they can cause organ damages, which promote the loss of organ functions [1] . This process involves a cascade of events, which includes the release of mediators and the activation of cells that are involved in the repair of damaged tissue [2, 3] .
The relationship between oxidative stress and inflammation is well documented. Activated inflammatory cells produce a number of reactive species at the site of inflammation leading to an exaggerated oxidative stress that can initiate intracellular signaling cascade which enhances proinflammatory gene expression [4] . Almost in the same time, it enhances the ROS-detoxifying enzymes that are crucial for cellular redox balance regulation in the physiological and inflammatory processes. Among them, SOD, CAT, and GST are the most important enzymatic agents involved and are responsible to dismutate superoxide radical, break down hydrogen peroxides, and catalyze conjugation of reduced glutathione, respectively [5] . Regardless, these evidences indicate that oxidative stress plays a pathogenic role in chronic inflammatory diseases by increasing the levels of proinflammatory mediators and cytokines [6] .
Among the essential cells of the innate immune response to inflammation, neutrophils are the most abundant leukocytes circulating in humans and are the first white cells recruited by the inflammatory local response [7] . During inflammation, neutrophils become activated and their longevity is prolonged, which ensures their presence at the site of inflammatory response. A series of mediators, such as cytokines, enzymes, and effector molecules, play a crucial role in the host defense against inflammation [8, 9] .
Although several effective anti-inflammatory drugs that control signs of inflammation have been approved by different pharmaceutical regulatory agencies, the number of adverse effects shows the limitation of their use [10, 11] . Therefore, the search for new treatments that act in the control of the inflammatory process is necessary to develop an efficient therapeutic strategy [12, 13] .
Calea uniflora Less. is a perennial and subshrub plant found in southern Brazil [14] . This plant, commonly known as arnica or erva-de-lagarto [15, 16] , is used in Brazilian folk medicine to treat rheumatism, respiratory diseases, and digestive problems [17, 18] . Some phenolic compounds identified as noreugenin (NRG), a mixture of orobol+butein (OR+BU), and α-hydroxy-butein (AH-BU) were isolated from Calea uniflora Less. by phytochemical analysis [16] . These phenolic compounds have known antioxidant and anti-inflammatory activities. The mechanisms of these effects proposed by Zhang and Tsao [19] suggest their ability to scavenge free radicals, restore antioxidant enzyme activities, and regulate cytokine-induced inflammation [19] . In this context, there are not many studies regarding the antiinflammatory and antioxidant activities of these phenolic compounds (NRG and AH-BU) in the literature. In addition, the data previously published by our research group demonstrated that NRG and AH-BU showed a potent antiinflammatory activity due to the inhibition of inflammatory cells, mainly neutrophils, in a mouse model of pleurisy induced by carrageenan [20] .
In this context, the aim of this study was to extend the research on the anti-inflammatory effect of noreugenin and α-hydroxy-butein, looking to the security profile of them in experimental conditions. Here, we investigated the effect of these compounds obtained from Calea uniflora Less. on cell viability, myeloperoxidase (MPO), apoptosis, and necrosis of murine neutrophils by using ex vivo tests as well as on other proinflammatory mediators such as cytokines, interleukin 1 beta (IL-1β) and interleukin 17A (IL-17A), and anti-inflammatory such as interleukin 10 (IL-10) by using in vivo assays. We also analyzed the action of NRG and AH-BU on oxidative stress by the analysis of lipid peroxidation and activity of antioxidant enzymes (SOD, CAT, and GST) by using in vivo assays. 2.2. Extraction, Isolation, and Identification of the Compounds. The methods used for the collection and extraction of the plant material as well as for the isolation and identification of the chemical constituents were performed as previously described by Lima et al. [16] .
Materials and Methods
In the first study performed by Rosa et al. [20] , it was demonstrated that the dichloromethane (DCM) and ethyl acetate (EtOAc) fractions isolated from fresh leaves from Calea uniflora Less. exhibited stronger anti-inflammatory effects than other studied fractions, such as the hexane (Hex) and aqueous (Aq) fractions [20] . The yield of DCM and EtOAc fractions was 6.2 g and 3.2 g, respectively. Additional subfractions were obtained (subfractions (A-M) from the DCM fraction and subfractions (A-H) from the EtOAc fraction) [20] . The isolated compounds were obtained from the F subfraction (661.0 mg) of the DCM fraction and from the D subfraction (2.5 g) of the EtOAc fraction. The DCM fraction yielded 76.3 mg of compound 1 (noreugenin); the EtOAc fraction yielded 61.9 mg of a 1 : 1 mixture of the compounds 2 (orobol) and 3 (butein) and 122.7 mg of compound 4 (α-hydroxy-butein). The chemical identity of the isolated compounds was established by analyzing their spectral data ( 1 H NMR, correlation spectroscopy (COSY), Heteronuclear Single Quantum Correlation (HSQC), and Heteronuclear Multiple Bond Correlation (HMBC)), as previously reported by Lima and collaborators [16] .
Animals.
For the experiments, male and female Swiss mice (18-22 g, 1 month old) were used. The animals received free access to standard mouse chow (Nuvilab CR-1™, Nuvital, São Paulo, Brazil) and water ad libitum. They were housed under standardized conditions in a room at a constant temperature (20 ± 2°C), with alternating 12 h periods of light and darkness and 50-60% humidity. In this study, a minimum number of animals were used to have a consistent statistical analysis. This protocol was approved by the Committee for Ethics in Animal Research of the Federal University of Santa Catarina (CEUA-Protocol PP00757/CEUA/2012), and the experiments were performed in accordance with the norms of the National Council of Animal Experimentation Control (CONCEA).
Ex Vivo Assays
2.4.1. Neutrophil Isolation. Neutrophils were obtained from male and female Swiss mice 4 h after an intraperitoneal (i.p.) injection of 3 mL of sterile oyster glycogen solution (1%) dissolved in sterile phosphate-buffered saline (PBS, pH 7.6, composition: 130 mmol NaCl, 5 mmol Na 2 HPO 4 , and 1 mmol KH 2 PO 4 ). After this period, the animals were anesthetized and euthanized with an overdose of pentobarbital (120 mg/kg) administered subcutaneously (s.c.). The cells were collected by rinsing the abdominal cavity with 3 mL of sterile PBS, pH 7.6 [21] .
2.4.2. Neutrophil Viability. Neutrophils were obtained from the fluid leakage of the mouse peritoneal lavage, washed with PBS (pH 7.6), and the mixture was centrifuged at 900 × g for 10 min at 4°C (Sorvall™ ST 40, Thermo Scien-tific®, Swedesboro, NJ, USA). After washing, the neutrophils were suspended in PBS (pH 7.6) and 30 μL of this cell suspension (1 × 10 6 ) was incubated with 10 μL of different doses of noreugenin (NRG: 1, 2.5, 5, 10, 50, or 100 μM) or αhydroxy-butein (AH-BU: 1, 2.5, 5, 10, 50, or 100 μM) in the presence or absence of lipopolysaccharide (LPS: 5 μg/mL, 10 μL) (LPS from Escherichia coli serotype O111:B4, Sigma-Aldrich, St. Louis, MO, USA), for 18 h in an enzyme immunoassay (EIE) plate [21] [22] [23] . For the next step, 10 μL of neutrophil suspension from each sample of the different doses of the compounds was mixed with 10 μL of trypan blue dye solution (0.4%). The suspension (10 μL) was placed in a Neubauer chamber, 100 cells were counted, and the percentage of viable cells was calculated.
Determination of Myeloperoxidase
Activity. Neutrophils obtained from the fluid leakage of the mouse peritoneal lavage were incubated with different doses of noreugenin (NRG: 1, 2.5, 5, 10, or 50 μM) or α-hydroxy-butein (AH-BU: 1, 2.5, 5, 10, or 50 μM) in the absence or presence of LPS (5 μg/mL) for 18 h in an EIE plate. The mixture was centrifuged at 900 × g for 5 min at 4°C (Sorvall™ ST 40, Thermo Scientific®, Swedesboro, NJ, USA). The neutrophil culture supernatant was used to measure MPO activity by a colorimetric assay, using the following procedure: the inhouse assay method described in the literature was used to determine the MPO activity [24] . For this determination, 20 μL of each sample supernatant was added to 180 μL of buffer solution (composition: 0.167 mg/mL o-dianisidine dihydrochloride and 0.0005% H 2 O 2 ), transferred to the EIE plate, and incubated at 37°C for 15 min. After this time, 15 μL of a stop solution (sodium azide, 1%) was added to the each well in the EIE plate. The colorimetric assay was performed using an EIE plate reader (Organon Teknika, Roseland, NJ, USA) at 450 nm and interpolated from a standard MPO curve (0.7-140 mU/mL, using myeloperoxidase from human leukocytes (Sigma-Aldrich, St. Louis, MO, USA)). The results were expressed in mU of MPO/mL, whereby 1 unit of MPO was defined as the amount of enzyme degrading 1 nmol H 2 O 2 per min at 37°C.
Determination of Neutrophil Apoptosis and Necrosis.
To analyze the apoptosis and necrosis of neutrophils, the cells were obtained from the fluid leakage of the mouse peritoneal lavage and were incubated with one dose of noreugenin (5 μM) or α-hydroxy-butein (5 μM) in the absence or presence of LPS (5 μg/mL) for 18 h in the EIE plate.
Subsequently, cells were washed with cold PBS (pH 7.6) and centrifuged at 900 × g for 5 min at 4°C (Sorvall™ ST 40, Thermo Scientific®, Swedesboro, NJ, USA). The supernatant was discarded, and the pellet was washed twice with PBS, pH 7.6 (300 μL). The subsequent pellet was suspended in 300 μL of binding buffer (composition: 10 mM hydroxyethyl piperazine ethanesulfonic acid, pH 7.4, composition: 150 mM NaCl, 5 mM KCl, 1 mM MgCl 2 , and 1.8 mM CaCl 2 ), and the cells were stained with the following antibodies: (1) 2.0 μL of Ly6G conjugated with phycoerythrin (PE) (BD Biosciences, San Jose, CA, USA); (2) 2.0 μL of CD11b conjugated with PE-Cy™7 (BD Biosciences, San Jose, CA, USA); (3) 2.0 μL of F4/80 conjugated with PerCP (BD Biosciences, San Jose, CA, USA); and (4) 2.5 μL of Annexin V conjugated with fluorescein isothiocyanate (FITC) (BD Biosciences, San Jose, CA, USA), and with 2.5 μL of 7-AAD (BD Biosciences, San Jose, CA, USA) to analyze apoptosis and necrosis of the neutrophils, according to the manufacturer's instructions. Cells were immediately analyzed by a FACSVerse® flow cytometer (BD Biosciences, San Jose, CA, USA) using the FACSuite® software, and data from 10,000 events were obtained. The results for each population were expressed as percentages.
2.5. In Vivo Assay 2.5.1. Carrageenan-Induced Pleurisy. Pleurisy was induced by a single intrapleural (i.pl.) injection of 0.1 mL of Cg (1%) according to previously described methods [25] . Four hours after the induction of pleurisy, the mice were euthanized with an overdose of pentobarbital (120 mg/kg, i.p.). The thorax was opened, and the pleural cavity was exposed and washed with 1.0 mL of PBS (pH 7.6) with heparin (20 UI/mL). The fluid leakage from the pleural cavity of different groups of mice was used to quantify cytokine (IL-1β, IL-17A, and IL-10) levels and lipid peroxidation (TBARS concentration) as well as superoxide dismutase (SOD), catalase (CAT), and glutathione S-transferase (GST) activities.
Experimental Design.
Based on the data published by Rosa et al. [20] , we selected single doses for the NRG (5 mg/kg) or AH-BU (2.5 mg/kg) administrations 0.5 h before carrageenan-induced pleurisy to analyze their effects on IL-1β, IL-17A, and IL-10 levels as well as on TBARS concentration and antioxidant enzyme activities (SOD, CAT, and GST) in the fluid leakage from the mouse pleural cavity. These doses were chosen because they presented better anti-inflammatory actions by inhibiting leukocytes and exudate concentrations in a mouse model of carrageenan-induced pleurisy [20] .
Dexamethasone (Dex: 0.5 mg/kg), administered i.p. 0.5 h before the induction of pleurisy, was used as a reference antiinflammatory drug. In addition, a positive control group (animals treated with Cg i.pl. only) and a negative control group (animals treated with sterile saline i.pl. (NaCl, 0.9%) only) were included in all groups of in vivo experiments.
2.5.3. Quantification of IL-1β, IL-17A, and IL-10 Levels. The levels of inflammatory cytokines (IL-1β, IL-17A, and IL-10) in the fluid leakage from the mouse pleural cavity were determined using commercial kits containing monoclonal specific antibodies for each cytokine. The cytokine levels were measured using an EIE kit according to the manufacturer's instructions (IL-1β, eBioscience, Inc., San Diego, CA, USA; IL-17A, eBioscience, Inc., San Diego, CA, USA; IL-10, eBioscience, Inc., San Diego CA, USA). All cytokine levels were estimated by means of colorimetric measurements at 450 nm and by interpolation from a standard curve of an EIE plate reader (Organon Teknika, Roseland, NJ, USA). The results are expressed in pg/mL.
Quantification of Lipid
Peroxidation. Lipid peroxidation was evaluated in the fluid leakage from the mouse pleural cavity by determination of concentration of thiobarbituric acid reactive substances (TBARS) [26] . In this protocol, 100 μL of mouse pleural fluid leakage was precipitated with 1 mL of trichloroacetic acid (TCA) (12%) followed by incubation with 1 mL of thiobarbituric acid (TBA) (0.73%), in 0.9 mL of buffer containing 60 mM Tris-HCl and 0.1 mM DPTA, pH 7.4, at 100°C, for 60 min. After the samples were then centrifuged (5 min, 1500 g), the absorbance of the pink chromophore was measured in the supernatant spectrophotometrically at 535 nm with an EIE plate reader (SpectraMax Paradigm, Molecular Devices®, Sunnyvale, CA, USA). The concentrations of TBARS were expressed in nmol TBARS/mL.
Catalase
Activity. The CAT activity was determined in the fluid leakage from the mouse pleural cavity according to the method described by Aebi [27] . The reaction is based on the measurement of the decreased absorbance of hydrogen peroxide (H 2 O 2 ) solution freshly prepared (dissolved in PBS, pH 7.0, composition: 10 mM H 2 O 2 , 130 mmol NaCl, 5 mmol Na 2 HPO 4 , and 1 mmol KH 2 PO 4 ) in the presence of the enzyme CAT in the mouse pleural fluid leakage. Briefly, 5 μL of mouse pleural fluid leakage was used and the reaction was initiated by adding 200 μL of H 2 O 2 solution (dissolved in PBS, pH 7.0) to the EIE plate. The CAT activity was measured as the change in optical density every 30 s for 3 min at 240 nm with the EIE plate reader (SpectraMax Paradigm, Molecular Devices®, Sunnyvale, CA, USA). The enzyme activity was expressed in mmol H 2 O 2 /min/mL. 2.5.6. Superoxide Dismutase Activity. Superoxide dismutase (SOD) activity was analyzed in the fluid leakage from the mouse pleural cavity in accordance to the method described by Misra and Fridovich and modified by Boveris et al. [28, 29] . The reaction is based on epinephrine oxidation (pH 2.0 to pH 10.2), which produces superoxide anion radicals and adrenochrome. In this protocol, the epinephrine-adrenochrome transition was inhibited by the superoxide dismutase, which was present in the mouse pleural fluid leakage. Briefly, 5 μL, 10 μL, 20 μL, and 40 μL of the pleural fluid leakage were added to 200 μL of 50 mM glycine solution (dissolved in H 2 O, pH 10.2). The reaction was started by the addition of 5 μL of freshly prepared 60 mM epinephrine (pH~2.0) to the mixture in the EIE plate. The absorbance was observed every 20 s during 4 min at 480 nm by the EIE plate reader (SpectraMax Paradigm, Molecular Devices®, Sunnyvale, CA, USA). The unit of enzyme activity was expressed as 50% of auto-oxidation inhibition of epinephrine-adrenochrome, and the result was expressed in USOD/mL. 2.5.7. Glutathione S-Transferase Activity. Glutathione Stransferase (GST) activity was measured in the fluid leakage from the mouse pleural cavity in accordance to the methodology described by Habig et al. [30] . In this reaction, 1-chloro-2,4-dinitrobenzene (CDNB; as substrate for GST) was used. In this protocol, GST with reduced glutathione (GSH) promotes the CDNB-GSH conjugation. Briefly, 5 μL of sample was added to the 260 μL reaction mixture containing 250 μL PBS (pH 7.0), 5 μL CDNB, and 5 μL GSH solution in the EIE plate. The absorbance was monitored every 20 s during 1 min at 340 nm by the EIE plate reader (SpectraMax Paradigm, Molecular Devices®, Sunnyvale, CA, USA). The enzyme activity was expressed in μmol/min/mL. 
Results

Ex Vivo Assays
Effect of Noreugenin and α-Hydroxy-Butein on
Neutrophil Viability. To study the cytotoxicity of the isolated compounds, the neutrophils were incubated with different concentrations of NRG (1 μM to 100 μM) or AH-BU (1 μM to 100 μM) with LPS (5 μg/mL) for 18 h. The results showed that NRG and AH-BU at concentrations up to 50 μM did not affect the cell viability (p > 0:05) ( Figure 2 ). Cells treated with 100 μM of NRG or AH-BU showed reduced cell viability (p < 0:01) ( Figure 2 ).
Myeloperoxidase Activity. For MPO quantification, the tested concentrations of the isolated compounds were 1-50 μM, because the concentration of 100 μM reduced neutrophil viability.
In this study, the NRG (5-50 μM) and AH-BU (5 μM-50 μM) significantly decreased MPO activity in the primary culture of neutrophils (p < 0:01) ( Table 1) .
Neutrophil Apoptosis and Necrosis. To evaluate the type of cell death of neutrophils (apoptosis or necrosis), the lowest dose of the NRG and AH-BU that caused the most significant inhibition of the MPO activity was selected. The results demonstrated that NRG (5 μM) and AH-BU (5 μM) caused a significant increase in apoptosis of murine neutrophils (p < 0:05) (Figure 3 ).
In Vivo Assay.
Considering the results found in the in vitro assays, we investigated the effect of NRG and AH-BU in an animal model of neutrophil inflammation (carra-geenan-induced pleurisy). For this, we analyzed whether the anti-inflammatory effect of the isolated compounds could be related to the modulation of other important mediators involved in the inflammatory response, such as proinflammatory cytokines and oxidative stress.
Effect of Noreugenin and α-Hydroxy-Butein on IL-1β,
IL-17A, and IL-10 Levels. The results demonstrated that NRG (5 mg/kg) and AH-BU (2.5 mg/kg) caused a significant decrease in the levels of certain cytokines (order of inhibition: IL-1β > IL-17A) (p < 0:01). On the other hand, it was observed that the isolated compounds caused a significant increase in IL-10 levels (p < 0:05) (Figure 4 ). Dex also significantly inhibited IL-1β and IL-17A levels and increased IL-10 levels (p < 0:01) (Figure 4 ).
Effect of Noreugenin and α-Hydroxy-Butein on Lipid
Peroxidation. NRG (5 mg/kg) and AH-BU (2.5 mg/kg) caused a significant reduction in concentration of TBARS at 4 h of the inflammatory process induced by carrageenan (p < 0:05) (Table 2) . Similarly, Dex also inhibited this inflammatory parameter (p < 0:01) ( Table 2 ).
Effect of Noreugenin and α-Hydroxy-Butein on
Antioxidant Enzyme (CAT, SOD, and GST) Activities. The results showed that activities of antioxidant enzymes (CAT, SOD, and GST) were markedly reduced by NRG (5 mg/kg) and AH-BU (2.5 mg/kg) (p < 0:05) ( Table 2) . In addition, Dex suppressed these antioxidant enzyme activities (p < 0:05) ( Table 2 ).
Discussion
Neutrophils play a relevant role in the defense against pathogens. They are rapidly recruited to the site of the inflammatory response or lesion; they phagocytose and kill pathogens using different mechanisms, including the release of enzymes, cytokines, neutrophil extracellular traps, and reactive oxygen species [31, 32] .
However, the neutrophils can also persist beyond the acute phase of inflammation and, in this case, they are actively involved in chronic inflammation and may lead to host tissue damage [33] . Hence, delayed neutrophil death can cause tissue damage by the generation of reactive oxygen species (ROS). Thus, delayed neutrophil death can be modulated by the induction of apoptosis or necrosis. The ideal scenario for the resolution of inflammation is to stop neutrophil activation by the induction of neutrophil apoptosis after they phagocytose dead bacteria [34, 35] . Thus, the control of neutrophils at the site of injury may prove to be a potential therapeutic target.
In the present study, the compounds NRG and AH-BU extracted from Calea uniflora Less. were evaluated for their effect on neutrophils activated by LPS, which induces the production/release of a variety of inflammatory mediators, such as MPO.
MPO is an important enzyme associated with leukocyte recruitment, and it reflects neutrophil activity [36] . The results obtained in the present study show that the phenolic compounds NRG and AH-BU were effective in reducing MPO activity in LPS-activated neutrophils. This is a strong indication that these isolated compounds reduced the neutrophil activation at the site of inflammation. These results obtained corroborate with data from the literature, such as the previous study developed in our research group, which demonstrated that NRG and AH-BU were potent compounds for the reduction of MPO activity in a mouse model of carrageenan-induced pleurisy [20] . This decrease in MPO activity caused by isolated compounds led us to investigate whether this effect could be related to neutrophil apoptosis. On the contrary, the results showed that NRG and AH-BU increased neutrophil apoptosis compared to cells treated with LPS only. In addition, it is important to emphasize that NRG and AH-BU had noncytotoxic effects on neutrophils.
Based on the results obtained from the ex vivo assays, we proceeded to evaluate these compounds in vivo. Here, we evaluated the effects of NRG and AH-BU on proand anti-inflammatory cytokines and oxidative stress in the inflamed pleural exudates induced by carrageenan in mice. This is a useful tool to screen for new antiinflammatory drugs, particularly those derived from medicinal plants [25] .
Proinflammatory cytokines, such as IL-17A and IL-1β, are released during neutrophil activation [37] . In this study, these cytokine levels were reduced by NRG and AH-BU, which are consistent with the results of another study conducted by Nader et al. [38] . This research group demonstrated that Jungia sellowii, a species also belonging to the Asteraceae family, reduced IL-1β and IL-17A levels as well as neutrophil infiltration in a murine model of carrageenan-induced lung inflammation [38] .
Moreover, our results are also supported by Menegazzi et al. [39] and Ahmad et al. [40] , who demonstrated that phenolic compounds reduced the infiltration of neutrophils, production of tumor necrosis factor alpha (TNF-α), IL-1β, and IL-17A, as well as the release of other proinflammatory cytokines in a mouse model of carrageenan-induced pleurisy [39, 40] .
In parallel, under the same experimental conditions, NRG and AH-BU also promoted the increase in antiinflammatory cytokine (IL-10) levels in the fluid leakage of the mouse pleural cavity. Similarly, a study conducted by Ahmad et al. [40] demonstrated that phenolic compounds were effective in inhibiting the production of proinflammatory mediators such as interleukin 6 (IL-6), interferon gamma (IFN-γ), IL-17A, and TNF-α and stimulating the secretion of anti-inflammatory mediators such as IL-10, interleukin 13 (IL-13), and transforming growth factor beta-1 (TGF-β1) in pleural exudates in a mouse model of carrageenan-induced pleurisy [40] . Oxidative stress refers to the excessive production of ROS in the cells and tissues, which may cause tissue injury and lead to the inflammatory process. In comparison to other phagocytes, neutrophils generate high concentrations of ROS. Among the group of exogenous antioxidants (i.e., dietary), the phenolic compounds present in plants have the ability to suppress ROS formation by either inhibition of enzymes involved in their production, scavenging of ROS, upregulation, or protection of antioxidant defenses [19, 41, 42] .
Corroborating with the literature, the present study showed that the phenolic compounds NRG and AH-BU were effective in reducing the activities of important enzymes such as SOD, CAT, and GST. These enzymes participate in the main defense system against oxidative stress induced by an increased generation of ROS, consequently inhibiting the inflammatory process [41, 42] . Therefore, we might assume that the phenolic compounds NRG and AH-BU, which were utilized in the current study, acted as antioxidants to suppress the production of oxygen radicals, resulting in a decrease in antioxidant enzyme activities. However, we observed that these compounds were effective in reestablishing the activities of CAT, SOD, and GST at the baseline so that the activities of these enzymes were similar to those of animals treated with saline only (negative control group).
A primary consequence of oxidative stress and increased levels of reactive species caused by inflammatory process is the oxidation of proteins and lipids, the latter also known as lipid peroxidation [43] .
In the present study, treatment with NRG and AH-BU decreased the lipid peroxidation, as evaluated indirectly by the reduction in TBARS concentration. These results are also in accordance with those from other reports, which demonstrated that activated neutrophils migrate to the inflamed paw, release enzymes (e.g., MPO), and increase ROS production in paw edema induced by the carrageenan test [44] . Furthermore, the treatment of animals with polyphenolic phytochemicals modulates inflammation by reducing TBARS, MPO activity, and infiltration of neutrophils [44] .
Conclusions
In summary, the results of this study demonstrated that NRG and AH-BU exhibit important anti-inflammatory and antioxidant properties. The isolated compounds showed a significant anti-inflammatory effect by inhibiting either a proinflammatory enzyme (MPO) or cytokines (IL-1β and IL-17A) and increasing both an anti-inflammatory cytokine (IL-10) and neutrophil apoptosis. These effects were probably associated with the reduction of the reactive species generation, observed indirectly by reestablishment of antioxidant enzyme activities. These compounds could prove to be potential novel lead compounds for the development of antiinflammatory drugs in the future.
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